Polarimetry is an area of high energy astrophysics which is still relatively unexplored, even though it is recognized that this type of measurement could drastically increase our knowledge of the physics and geometry of high energy sources. For this reason, in the context of the design of a Gamma-Ray Imager based on new hard-X and soft gamma ray focusing optics for the next ESA Cosmic Vision call for proposals (Cosmic Vision 2015-2025, it is important that this capability should be implemented in the principal on-board instrumentation. For the particular case of wide band-pass Laue optics we propose a focal plane based on a thick pixelated CdTe detector operating with high efficiency between 60-600 keV. The high segmentation of this type of detector (1-2 mm pixel size) and the good energy resolution (a few keV FWHM at 500 keV) will allow high sensitivity polarisation measurements (a few % for a 10 mCrab source in 10 6 s) to be performed. We have evaluated the modulation Q factors and minimum detectable polarisation through the use of Monte Carlo simulations (based on the GEANT 4 toolkit) for on and off-axis sources with power law emission spectra using the point spread function of a Laue lens in a feasible configuration.
Introduction
Polarimetry in astrophysics is still a quite unexplored domain in the X-and γ -ray energy band. By measuring the polarization degree and orientation of the radiation emitted by an astronomical source, a new, important observational parameter is obtained in addition to spectral and time variability information. Polarimetric observations offer novel information about constitution, physical processes and emissions of various sources, e.g. Pulsars, Solar Flares, Active Galactic Nuclei, Galactic Black Holes or Gamma-Ray Bursts (Lei et al., 1997) . However, to date in the energy domain from hard X-rays up to soft γ -rays no dedicated polarimeters have ever been launched into space or on a balloon-borne experiment. Indeed for those few instruments which are capable of performing this type of measurement, polarimetry itself plays a secondary role in the mission objectives, the main purpose of these instruments being to perform spectral imaging and timing analysis of celestial sources. This is the case for COMPTEL (COMPton TELescope) (Schönfelder et al., 1993) instrument on board CGRO (Compton Gamma-ray Observatory), RHESSI (Reuven Ramaty High Energy Solar Spectroscopic Imager) (McConnell et al., 2002) and IBIS (Imager on Board the INTEGRAL Satellite), that is part of the INTEGRAL (INTErnational Gamma-Ray Astrophysics Laboratory) mission (Ubertini et al., 2003) .
Several years ago, a collaboration between INAF/IASF -Bologna (Istituto di Astrofisica Spaziale e Fisica Cosmica), Italy and the Departamento de Física da Universidade de Coimbra, Portugal started with the aim of studying the performance of solid state (in particular CdTe/CZT) detector arrays as high-energy (above 100 keV) Compton polarimeters. The main advantage of this kind of detector is that high-sensitivity polarimetric measurements can be performed simultaneously with spectral imaging and time variability observations. The collaboration has already proposed an instrument concept to measure the Crab pulsar polarization level in the range between 50-1000 keV: the CIPHER (Coded Imager and Polarimeter for High Energy Radiation) telescope (Curado et al., 2003) : a Minimum Detectable Polarisation (MDP at 3σ ) level below 10% is expected for a typical balloon observation time (10 4 s).
Because of the scientific importance of polarimetry measurements it is the right strategy to implement this capability in the principal on-board instrumentation in the design of a Gamma-Ray Imager based on new hard-X and soft gamma ray focusing optics for the next ESA Cosmic Vision call for proposals (Cosmic Vision 2015 -2025 , it is strategic to implement this capability in the principal on-board instrumentation. Herein we present a preliminary study of the achievable performance in high energy polarimetry for a Hard Xray focusing Telescope based on wide band-pass Laue optics (Pisa et al., 2005) with a focal plane based on a thick pixelated CdTe/CZT detector operating with high efficiency between 60-600 keV.
Scattering polarimetry: numerical model and experimental confirmation
The GEANT4 package is a very suitable and efficient tool with which to implement a Monte Carlo code that simulates the response of a CdTe detection plane designed for polarimetric measurements. The code is logically split into two main tools: (a) the modules implementing the physics of the electromagnetic interactions of polarized photons in particular for the Compton scattering; (b) the detection system with the definition of the beam characteristics, the detection plane design (geometry and material) and the read-out logic.
